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I Summary 
Tromsa - Bremerhaven (26.08.2002 - 15.1 0.2002) 
W. Jokat 
The expedition started on August 26Ih at 20:OO h in Tromsa, Norway. In total 30 
scientists joined the cruise to conduct geophysical, bathymetric and biological 
sea ice research. However, the first target area was located south of Tromsa. A 
short geological sampling programme southeast of the Lofoten islands was the 
first of our activities. The Programme of the two geologists started in the eve- 
ning of August 27"' and was finished at 06:OO h on August 28'" Due to good 
weather conditions the two scientists were flown to the nearby airport BodO with 
one of the BO-105 helicopters. After that we headed north and started to ac- 
quire the first seismic reflection profile On August soth. Three days later the pro- 
filing was terminated at the Northeast Greenland margin. Now the biological 
Programmes started with a RMT trawl and the first multinet-transect towards the 
ice edge. From September 2" - 3rd two ice stations were performed. For this 
the ship docked towards a sufficient large ice floe, so that the scientists could 
transport their equipment via a gangway onto the floe. The last ice station had 
to be evacuated after 5 hours because the large floe broke into pieces. A recon- 
naissance flight showed that all floes in a wider area around the ship had the 
Same texture and it was too dangerous to test them by an ice party. Thus, it was 
decided first to finish the seismic work along the Wandel Sea margin. Af- 
terwards we headed for a new research area at the northern Yermak Plateau. 
Here, we arrived on September 8"' and started again the biological work with a 
multinet transect. Three ice stations were successfully performed from Septem- 
ber 1 Oth to 12"' mainly on 1 -year old ice. After few RMT trawls the extensive 
seismic programme along the East Greenland margin south of 80Â° began. In a 
systematic designed regional network the structure of the continental slope and 
the adjacent deep-sea basins were investigated (Fig. 1.1). Magnetic helicopter 
borne data were acquired in parallel to the seismic work. Interruptions for 
repairing the airguns were used to run RMT trawls at several locations. The 
seismic survey terminated on September 30th, followed by systematic 
bathymetric mapping of the western shoulder of Knipovich Ridge and the 
western part of Vestnesa. The last seismic profile was acquired in the Boreas 
Basin to resolve its basement topography and sediment distribution. Additional 
bathymetric measurements were performed at the end of the cruise to 
investigate the northern part of the Knipovich Ridge. 
From the geophysical perspective the cruise was extremely successful. 
Favoured by light ice conditions systematic seismic, gravimetric and magnetic 
profile networks were acquired. Although most of the lines were collected in 6- 
9/10 of pack ice, this caused no problems to the seismic data acquisition. In 
most cases the ice floes were not under pressed conditions so that an easy 
Passage was possible. South of 78' N the ice coverage was well below 4/10 or 
ice-free. The source energy was strong enough to penetrate the sediments 
down to their base. In total 24 sonobuoy-recordings provided signals up to 20 
km, which is sufficient to determine the sediment velocities down to the top of 
the basement. The dense-spaced magnetic profiles provided the first magnetic 
spreading anomalies in Boreas Basin and in the Greenland-Spitsbergen Sill at 
all. In contrast to earlier surveys a spacing of 5-10 km and a low flight level was 
chosen for the survey. The new magnetic data will for the first time allow a solid 
dating of the opening of the Greenland Sea. 
Bathymetric data were acquired during the entire cruise with the Hydrosweep 
swath system. The excellent data coverage across the continental margin of 
East Greenland was supplemented by detailed surveys across the Vestnesa 
and the northern Knipovich Ridge, No major slump area was found along the 
Greenland slope, which might indicate a large mass waste during the geological 
history of the margin. Supplemented by high resolution Parasound data a solid 
Interpretation of the margin morphology will be possible. Furthermore, both data 
sets indicate the presence of large, continuous iceberg scours On the northern 
Yermak Plateau. So far, as we know, such features had only been reported 
from the southern Yermak Plateau. This indicates that icebergs with drafts of 
more than 700 m travelled from the high Arctic southwards. 
The biological sea ice programme suffered from the ice conditions that favoured 
the geophysical investigations. In total 5 ice stations with the ship docked at the 
floe and 8 ice stations with helicopters were performed. The problem was that 
only at some locations stable multiyear ice floes with a sufficient size were 
found. Even at 82ON mainly 1-year old ice floes were found with only several 
tenths of meters in diameter. They were not large enough to perform a safe ice 
station. Two multinet-transects (14 locations) and 8 RMT stations as well as 
seal counting flights completed the biological programme. 
All scientists enjoyed their stay onboard "Polarstern" and would like to thank 
Captain Uwe Pahl and all Crew members for their excellent support of our 










Fig. 1.1: Cruise track during leg ARK-XVIIIl2 
1 Weather Conditions during ARK-XVIIIl2 
K. Dittmers, H. Sonnabend 
At the beginning of the voyage the polar front extended from southern Green- 
land towards the northern Barents Sea. Due to the development of a low-pres- 
Sure system over the Norwegian Sea the south-westerly winds increased to Bft 
6 and 7 near the Lofotes. In the evening of August 28 the winds abated, when 
"Polarstern" headed for the Fram Strait. 
The sea-ice boundary was extremely far in the north at the end of this summer 
and the ice coverage was relatively small. 
West of Svalbard "Polarstern" encountered light and variable winds. 
On September 01 a storm centre developed near Iceland. On its track towards 
the Barents Sea until September 03 the intensity of this system decreased. The 
position of "Polarstern" was far enough to the north and the winds in the rear of 
this low didn't exceed Bft 6 at the ships position. 
On the next day a high-pressure system developed over northern Greenland. It 
remained nearly stationary for some days. In connection with low pressure over 
the North Polar Sea arctic fronts associated with Snow crossed the Fram Strait. 
On September 07 winds were light and variable under high-pressure influence, 
but foggy weather-periods occurred as well. On September 08 a depression 
crossed the southern Greenland Sea from west to east. North of 80Â N some 
Snow showers were observed over the Open water, and very low clouds over 
the ice area were a problem for helicopter flights. A new intermediate high- 
pressure period with light winds and fogpatches caused the lowest tempera- 
tures (-10.6' C) on September 09, at that time the minimum temperature in the 
whole North Polar Area. 
Until the next day a low approached from the coast of Northgreenland and in 
front of this system south-easterly wind of Bft 6 to 7 occurred with Snow, which 
passed over to freezing rain at -I0 C for a time. In the vicinity of the low centre 
the wind decreased rapidly, but fog came up for a longer time. 
Until September 13 the Greenland anticyclone with different weather conditions 
influenced the Fram Strait, covering all types from fog with Snow grains to sunny 
spells and good visibility. 
On September 14 another low developed off the coast of Northeastgreenland, 
which moved to the Barents Sea during the next couple of days. Strong south- 
erly winds with rain or drizzle and temperatures up to +4O C was the weather 
type in front of the depression, in the rear due to strong northerly winds tem- 
peratures dropped to -5O C associated with Snow showers. 
From September 17 to 19 the investigation area was on the edge of a Green- 
land high, before a new depression developed in the lee of Northeastgreenland. 
This development continued until September 22. Strong winds occurred in front 
and in the rear, in the centre it was calm. This low moved to the White Sea with 
a minimum pressure of 989 hPa. To the end of September the anticyclone over 
Greenland intensified, forming a bridge to a high over the Beaufort Sea. The 
low-pressure systems approaching from southwest affected only the southern 
Greenland Sea. Winds were northerly of Bft 5 and 6 and the temperatures 
dropped to -10' C in the ice area. Over the Open and relative warm water west 
of Svalbard the flight conditions were often still acceptable, isolated showers in 
form of Snow or Snow grains could be flown round. Further to the west however, 
the temperature inversion was lower and low clouds or fogpatches occurred 
often. On September 30 and October 01, "Polarstern" was in the rear of a storm 
centre over the Barents Sea, but highest wind speed at the ships position was 
only 6 Bft. Over the Open water, which had a temperature of up to 5 O  C, some 
heavy Snow showers developed. After a short period of high pressure influence 
associated with light and variable winds a first warmfront crossed the investi- 
gation area and a longer period of southerly winds began. These winds were 
strong at times, but helicopter flights were possible, since it seldom rained and 
the ceiling was relative high. Another front, an occlusion, coming from the south, 
became stationary east of Svalbard and dissipated. Within the air mass behind 
the front dense fog formed in the ice area. On October 06 a low had developed 
off Northgreenland, which moved northerly. Minimum pressure was below 980 
hPa for a time. The maximum wind force in the Fram Strait was Bft 7 to 8 in the 
afternoon. Even with this high wind speed very low clouds and fog formed in the 
ice area. 
The distribution of wind shows the most frequent direction north (Fig. 1 . I) .  The 
distribution of wind speed shows Bft 5 as the most frequent wind force. Fre- 
quency of strong winds was less than 10 per cent until October 06 (Fig. 1.2). 
Due to this fact helicopter flight were possible for longer periods, at least in the 
Open water region. Nevertheless about 37 per cent of the time the ceiling was 
lower than 500 ft with periods, in which flights with magnetic measurements 
were not possible (Fig. 1.3). 
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2 Geophysical investigations 
W. Jokat, D. Berger, V. Helm, B. Kunsch, N. Lensch, H. Martens, J. 
Rogenhagen, C. Salat, M. Schmidt-Aursch, B. Schubert, B. Traub, K. 
Wollny 
A full understanding of the opening of the northern Norwegian-Greenland Sea 
and the Fram Strait is one of the outstanding geodynamic problems of the North 
Atlantic. Well-defined magnetic spreading anomalies describe the formation of 
the Norwegian-Greenland Sea. Initial break-up between Greenland and 
Scandinavia happened around 55-60 Ma. Extensive academic and industrial 
investigations off the Norwegian margin have created a vast amount of 
geophysical and geological data describing in great detail the geological 
structures formed during and alter this event. This is also true for the more 
northern Barents Sea and Svalbard shelves. The weak points in all of the 
reconstruction are the missing magnetic spreading anomalies north of the 
Greenland Fracture Zone and the lack of any geophysical data along the 
conjugate margin of north-east Greenland. Especially the non-symmetric 
location of the present-day spreading centres in these areas, like the Knipovich 
Ridge, raised speculations on the existence of a distinct spreading axis in the 
Boreas Basin. The objective of the geophysical Programme was to gather a 
wide variety of geophysical data as far north as the pack ice allowed. The 
experimental set-up included the acquisition of multichannel seismic data, 
gravity and magnetic data. The magnetic data were acquired with a helicopter 
system (Helimag, Scintrex). This allowed the acquisition of magnetic data over 
a wider region than possible with the ship in the given time frame. 
2.1 Data acquisition: Seismic and Gravity 
For the seismic data acquisition an 800-m long streamer was used. The group 
spacing was 6.25 and the number of hydrophone channels was 96. This 
resulted in a fold of 50-60. The acoustic source was a 24 I VLF airgun duster 
towed 10 m behind the ship. This set-up allowed a data acquisition up to 9/10 of 
sea ice Cover. Almost 60% of the survey north of 78' N has been shot in 5/10 to 
8/10 of pack ice. The ice, however, was only in a few locations multi-year ice. 
Thus, the vessel could break through the floe without large problems allowing 
simultaneously the acquisition of seismic data. The northernmost lines were 
acquired along the Wandel Sea margin up to 81'N. Most of the lines were 
acquired with a speed of 5 ktns, even in ice. A systematic survey of the entire 
margin between 81Â° and 77ON were conducted (Fig. 2.1). South of 78' N only 
on few locations large pack ice fields were hit. Most of the survey was 
performed in ice-free waters. Parallel to the mutlichannel seismic data 
acquisition in total 24 sonobuoys were deployed to better determine the velocity 
structure of the sedimentary column. They recorded useful signals between 10 
and 20 km offset. The seismic recording and processing parameters as far as 
















Fig. 2.1: Location of the multichannel seisrnic network in the Greenland Sea. Along all profiles 
gravimetric and rnagnetic data were acquired with ship-rnounted systems. GFZ: Greenland 
Fracture Zone. 
Tab. 2.1: Acquisition parameters of all seismic lines acquired along the North Greenland and Svalbard rnargins 
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Tab. 2.3: Overview on the sonobuoys deployed during this leg. 
A fixed mounted gravimeter KSS31 acquired data during the entire cruise with- 
out any problems. There was no failure of the Instrument. 
2.2 Data acquisition: Magnetic 
During this cruise two types of magnetic measurements were conducted. Three 
fixed-mounted magnetic Sensors onboard of ,,Polarsternu collected continuously 
data along the ship's track. In addition, a helicopter-borne system was used to 
map large areas with dense line spacing parallel to the seismic profiling. The 
main goal of the aeromagnetic survey was to refine existing data and to identify 
sea floor spreading anomalies in the three research areas. The first area 
included the northern part of the Greenland-Spitsbergen Sill between the 
Spitsbergen Fracture Zone, the active Molloy Ridge and the Molloy Fracture 
Zone (Fig. 2.3). The southern part of the Greenland-Spitsbergen Sill, the 
second area of interest, is bounded by the Molloy Fracture Zone, the mid-ocean 
Knipovich Ridge and the Hovgaard Ridge microcontinent. The third and largest 
survey area was the Boreas Basin between the Hovgaard Ridge, the Knipovich 
Ridge and the Greenland Fracture Zone. The profiles were chosen to run 
parallel to the assumed spreading direction. In contrast to the existing regional 
surveys, which did not show a systematic pattern of spreading anomalies, we 
hoped to get more consistent results with a dense lines spacing. 
- Magnetic measurements onboard - 
Onboard of ,,Polarsternfi two digital fluxgate vector magnetometers (MAGSON, 
Berlin) are fixed-mounted on the platform of the crow's nest. The magnetic data 
is forwarded to the PODAS data system where it is directly available together 
with the navigation data. For testing purposes a Cesium optical-pump 
magnetometer (GEOMETRICS, USA) was also installed there. It uses an own 
portable PC for registration. To make a later merging of magnetic and 
navigation data possible, the internal PC clock was synchronised with the 
PODAS system time several times per second. 
Tab. 2.4: Type and location of the calibration loops 
Calibration Loops 
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During the cruise, five calibration loops had been carried out to determine 
permanent and induced magnetic fields of the ship (Tab. 2.4). As the software 
for calculating the calibration coefficients was not available onboard, only a 
rough sighting of the raw data was performed. 
- Helicopter based measurements - 
For the airborne magnetic survey the commercial available HELIMAG system 
(SCINTREX, Canada) was used. It consists out of a Cesium optical-pump 
magnetometer towed 30 m beneath a helicopter. The registration unit was 
coupled with the aircrafts radar altimeter to get reliable altitude Information. An 
internal GPS receiver provided navigation data. No major technical problems 
occurred. During 22 days of flying approx. 86 hours of new magnetic data could 
be acquired. This corresponds to 12740 km (6880 nm) total profile length 
assuming a mean flight velocity of 148 kmlh (80 knots). Fig. 2.3 shows a map of 
all flown lines. The line spacing amounts to 4.6 km (2.5 nm) or 9.3 km (5.0 nm). 
See Tab. 5 for further details. Bad weather conditions during several days 
prevented the completion of the surveys in the northern area of the Greenland- 
Spitsbergen Sill near the Molloy Ridge and at the Western margin of the Boreas 
Basin (Fig. 2.2). Editing and subtracting the IGRF-field was carried out during 
the cruise. Correction of the daily variations and levelling of the flight lines will 
be done later when the continuous registration of the Svalbard observatory will 
be available. The quality of the IGRF-corrected data is very good including 
anomalies up to 1000 nT. Figure 2.4 shows an example from the eastern 
Boreas Basin near the Knipovich Ridge, Further Interpretation will also include 
the seismic data, as the determination of the basement roughness can give 
additional constraints On spreading velocities and crustal ages. 
HELIMAG Statisiics 
Fig. 2.2: HELIMAG flight statistics. Black bars mark the numbers of flights per day. Days with 
bad weather conditions or POLARSTERN operating out of the areas of interest are annotated. 
HELIMAG Profiles 
Fig. 2.3: HELIMAG profiles across the Boreas Basin and the Greenland-Spitsbergen Sill. The 
grayshade and contour lines (500 rn interval) show bathyrnetric depths taken frorn IBCAO. 
Black lines mark the flight paths. Main tectonic features are indicated 
HELiMAG Data Example 
Fig. 2.4: HELIMAG data exarnple of the eastern Boreas Basin near the Knipovich Ridge. The 
grayshade and contour line (500 rn interval) show bathymetric depths taken from IBCAO. Black 
wiggles mark negative anornalies of the raw data, white ones positive values. 


Date 'light Start Time End Time No. of Fid Start Coordin 
10:51:55 10:51:58 28 
10:51:58 11:16:22 1491 






32091813.T09 S2091813.BlO 0209183.raw 
32091813.T30 S2091813.B31 0209184.raw 
S2091813.B39 
S2091813.B3J 

















13:30:04 76.80 N 1.93 E 




- Wandel Sea margin - 
The margin has been investigated by several seismic lines perpendicular and 
parallel to the margin. In parallel the bathymetric database was extended. 
Characteristic features are basement highs at water depths around 2000 m. 
From the data it is not clear, if this is a consequence of the oblique spreading in 
the Lena Trough or if we have mapped the prolongation of the Spitsbergen 
Fracture Zone. This question will be solved after the final processing and map- 
ping of the data. The northernmost line was acquired at 81 ON along the margin. 
- Yermak Plateau - 
Here, the northernmost lines at 82ON were acquired (Fig. 2.1). A small ice free 
area allowed to investigate the plateau to 8OE. While the western part of the 
plateau is covered by thick sediments numerous basement features occur east 
of 5OE. The basement highs are almost not covered by sediments. Such fea- 
tures have been reported by other investigators to be present more in the south. 
Sonobuoy recordings provide velocities over 5 kmls for the acoustic basement. 
Thus, it is very likely that these features represent the old basement of the 
Yermak Plateau, which has been faulted during the separation of the plateau 
from Greenland. East of 5OE the basement is more stretched and shows a 
different depositional character. In a first Interpretation this feature might 
represent a major tectonic boundary within the Yermak Plateau. The eastern 
part of the Yermak Plateau might have been more strongly affected by tectonic 
processes during the break-up than its western part. Existing ODP drill holes 
have been passed and linked to the profiles in the north. 
- Basin between the Spitsbergen and Molloy Fracture Zones - 
A small mid-ocean Segment, the Molloy Ridge, has formed this basin. Its age is 
rather unclear. Previous surveys had not discovered any continuous sea floor 
spreading anomalies. The survey was designed to acquire one long profile 
along the entire basin. The rest of the profiles are concentrated on the Green- 
land part to map the sedimentary and basement structures. Profile 20020500 
crosses the entire basin from south-east to north-west (Fig. 2.5). The line is 243 
km long. Close to the active spreading centre elevated oceanic basement is 
observed. The top of the basement decreases towards the north-west 
according to general subsidence curves for oceanic crust. The sediment 
became thicker up to 1 s TWT close to the Greenland margin. From the seismic 
signals it is obvious that mainly coarse material has been deposited here. The 
finer component is most likely transported to the south. Although the region is 
seismically active no indications for any large-scale slumps were found along 
the margin. The magnetic data provide astonishing results. Contrary to the 
current scientific knowledge well-defined magnetic spreading anomalies were 
found. The basin has been investigated by 10 magnetic profiles with a spacing 
of 5 km. Even in the vicinity of the Molloy Deep spreading anomalies are 
present. This indicates that still enough basalts are erupted in this slow 
spreading environment to provide a low but detectable magnetic signal. 
Fig. 2.5: Seismic profile 20020500 from the Molloy Ridge to the Wandel Sea margin. Only one 
channel is displayed. An AGC of 500 ms has been applied. For the location of the line See Fig. 
2.1 
- Svalbard Greenland Sill - 
In this area the scientific objectives are identical to the previous research area. 
Again the joint acquisition of seismic and potential field data were designed to  
reveal the general basin structure and the spreading velocities. The seismic 
structures along the long basin transect are similar to those in the north (Fig. 
2.6). Close to the Knipovich Ridge the basement is elevated as might be  
expected. Towards the north-west the sediment thickness increases fast. The 
existing ODP drill hole with a penetration of 1000 m has been crossed to allow 
an extrapolation to the units towards the Greenland margin. A distinct change in 
the characteristic is marked by a basement ridge close to Greenland. East of 
the ridge fine layering units are found, while towards Greenland more coarser 
material is present. This change of signal characteristic can also be observed 
along profiles perpendicular to the margin. This might indicate that the currents 
from the Arctic have a quite small influence on the depositional style of the 
deep-sea margin. More in the centre typical hemipelagic sedimentation is 
present. 
The magnetic field in this basin is extremely smooth. Only a few anomalies are 
visible in the raw data. However, most of them can be correlated across the 
entire margin. Long wave length anomalies became visible towards the 
Knipovich Ridge, but are difficult to interpret. Like for the other data sets a 
careful processing is needed including diurnal variations corrections. Especially 
a Cross line analysis and correction might help enhance the picture. 
- Boreas Basin - 
This is largest basin, which has been formed after the break-up of Greenland 
from the Barents Sea margin. Its formation is believed to have started close to 
40 Ma. According to the current models it is initially formed as a sheared mar- 
gin. Few seismic profiles existed prior to this survey covering the Hovgaard 
Ridge and part of the eastern basin. The present day active mid-ocean ridge is 
the Knipovich Ridge at 8OE. The strike lines along the margin are at the current 
stage difficult to interpret. There is strong evidence for massive slumping over a 
significant period of time along the entire margin. It is interesting to note that no 
evidences for any drift bodies as reported from other glaciated margin have 
been found. It seems that glaciation deposition of the Greenland ice shelves 
north of 77ON happened more constantly along the entire ice front, rather than 
along ice streams. The last profile acquired in this basin started at the present 
day spreading axis at 76ON and terminated on the continental shelf of East 
Greenland at 78O24'N 006OW (Fig. 2.7). The sediment thickness east of OOW is 
not more than 1 s TWT. The basement is also very rough. A distinct change in 
depositional character occurs west of OOW. More coarser material has been de- 
posited and the sedimentary units became thicker. Closer to the Greenland 
margin the continuity of the seismic reflectors disappear. This might be due to 
repeated slump processes from the margin or is caused by strong currents car- 
rying away the finer material. Still the top of the oceanic basement is very 
rough. 
TRAVELTIME [SI 
Fig. 2.6: Seisrnic line 20020300 frorn the northern Knipovich Ridge to the Wandel Sea rnargin. 
Please note that this is now single channel data (chan. 16). Only an AGC of 500 ms has been 
applied. For the location of the profile See Fig. 2.1. 
Fig. 2.7: Seismic line 20020700 across the Boreas Basin. Ifs location is parallel to the 
magnetic profile, which shows the best identified spreading anomalies The date are not 
processed (chan. 16 + AGC only). For the location of the line See Fig. 2.1. 
Again the magnetic data provided surprising results. With a flight track spacing 
of 10 km the central part of the basin has been magnetically investigated. The 
processing of the magnetic was not finished on the ship due to the lack of base 
station data from Svalbard. Close to the East Greenland margin strong mag- 
netic anomalies related to the initial break-up are visible. They are continuous 
over 50-70 km. Towards the north close to the Hovgaard Ridge they disappear. 
The anomaly Pattern becomes gradually more and more disorganised the 
shorter the distance to the current rift valley is. Two flights at the eastern flank 
of the rift valley indicate that the continuity of the anomalies completely disap- 
pears. Finally, a corridor only 20-30 km wide will allow the dating of the basin. 
At first and preliminary Interpretation of the anomalies indicates that the basin 
might have opened between 38 and 35 Myr, The spreading was as slow as 0.8 
cmlyr halfrate on average for the entire basin. 
In Summary, the geophysical Programme succeeded to gather regional seismic 
and potential field data along the entire East Greenland margin between 81 ON 
and 77ON. The new data close an important gap of knowledge in our under- 
standing of the North Atlantic opening during Cenozoic times. The magnetic 
data already provided surprising results, which will allow developing a more 
detailed opening model for the Greenland Sea and the Fram Strait. Integration 
of the data with the extensive geophysical data along the Barents Sea margin 
will allow to discuss rift models including the conjugate margins. 
3 Bathymetry 
T. Hartmann, S. GÃ¼tz M. Pokorna 
During the expedition ARK XVIIIl2 the bathymetry working group performed a 
Hydrosweep DS2 multibeam Sonar survey from the 2gth of August 2002 until the 
10th of October 2002 in the Fram Strait, the East Greenland margin and the 
Wandel Sea margin at its transition to the Lena Trough, ranging from 75O30'N 
up to 82ON. A large pari of the East Greenland margin was investigated parallel 
to seismic profiles, which were carried out by the geophysical working group. 
The margin was surveyed in a regional sense. Furthermore, existing information 
was supplemented whenever possible. Despite continuous efforts of various 
institutions during the past decades, the bathymetry of the Greenland Sea is 
poorly known. The sparse depth information has recently been compiled in the 
IBCAO bathymetric grid. The knowledge of the seafloor topography, however, is 
essential for interpreting geoscientific data. For better understanding of recent 
sedimentary transport processes or the tectonic history of the Greenland Sea, 
accurate topographic maps are of great importance. Especially along the East 
Greenland margin the new data provides first reliable information on the shape 
of this glacially influenced margin. E.g. surprisingly no large scale slumps were 
identified in the data between 81 ON and 76ON. Even in well accessible areas like 
the Knipovich Ridge the new data differs by several hundreds meters from the 
published IBCAO grid. To optimise the location of the seismic lines and for 
specific bathymetric surveys, all available swath data acquired by "Polarstern" 
in the last years were considered. Whenever possible the profiles were chosen 
to supplement existing bathymetric data. Thus, several unknown basement 
highs and seamounts were discovered close to the foot of the East Greenland 
and Wandel Sea margins (Fig. 3.1 ). 






No. of usable observations: 
Total length of track: 
Operational time: 
by a depth of -3000m, the swath width is 6000m 
0.5% of water depth 
-54 m (on the Greenland shelf) 
-4086 m (close to Molloy Deep) 
-3000 m 
16.600.000 single beams 
approx. 61 50 Sm 
1040 hours 
Despite the ice coverage of 6-9/10 the System worked very reliable and pro- 
vided high quality data. Some disturbances in the data could not be avoided 
during the survey due to ice contact during ice breaking. These wrong depth 
values were edited using the Caris HDCS software. The edited data are the 
base for an enhanced terrain model, which has also been calculated during the 
survey. Among the collected data from this expedition we performed a 
systematic survey of an area westward from Svalbard, ranging from 76O N until 
77O N and from 4O30' E until 6O E. Within this area we measured nine profiles 
with a length of 60 nautical miles each. The accuracy of the sea bottom map, 
resulting from those observations has significantly improved, which as can be 
Seen in Fig. 3.2. The left figure shows the newly acquired data and the right one 
the existing IBCAO-map. 
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Fig. 3.1: Overview on existing swatch bathyrnetrie data in the Fram Strait and Greenland Sea. 
The figure cornbines the previous and newly acquired data. 

4 PARASOUND Sediment Echosounding 
J. Rogenhagen 
One of the fixed Sensor installations onboard the "Polarstern" is the sediment 
echosounder PARASOUND (Krupp Atlas Electronics, Bremen). The system 
provides digital, high-resolution information On the sediment coverage and the 
internal structure of the sediments. 
For this purpose the echosounder uses the so-called parametric effect: PARA- 
SOUND radiales two primary frequencies in the kilohertz range that generate a 
secondary pulse of lower frequency, which provides the signal. The secondary 
frequency can be chosen between 2.5 and 5.5 kHz and is adjusted by varying 
the variable primary frequency from 20.5-23.5 kHz, while the other is fixed to 18 
kHz. Due to its low secondary frequency and a small emitting angle of 4 de- 
grees PARASOUND achieves high resolution of the sediment structures and 
penetrating depths of around 100 meters. 
The reflected signals of the subbottom sediments are displayed on an analogue 
thermal printer (Atlas DES0 25). Data recording is done by PC-based Software 
(PARADIGMA) that digitises and processes the signal. Finally, data is stored on 
hard disks for further processing. 
Furthermore, two printers are installed with the system, to give an online print- 
out of the recording parameters and a coloured profile. Due to malfunctioning, 
these printers were not in use during that cruise, but all relevant parameters 
e.g. UTC time, geographical position and recording parameters were recorded 
with the digital data. 
The secondary frequency of the sediment echosounder during the cruise has 
been 4 kHz with a recording length of mostly 133 ms (that corresponds to a 
depth range of 100-m assuming sound velocity of water). Mainly good weather 
conditions and ship speed of around 5 kn with calm seas provided excellent 
measuring conditions. At the beginning of the cruise the data recording and 
processing software PARADIGMA crashed quite often. The mean time between 
failure was around 4 hours. After some testing the problematic part of the soft- 
Ware was identified and disabled. The recording continued without any further 
malfunction. The echosounding system itself worked properly and without any 
failures. 
The PARASOUND system has been in use constantly in all working areas (East 
Greenland Shelf, East Greenland Continental Margin and neighbouring deep- 
sea areas, Yermak-Plateau) in parallel to the reflection seismic profiling of the 
geophysical working group. In addition, some profiles were measured while 
transferring between working areas. On some occasions no reflected signals 
could be achieved due to rough topography, especially when crossing fracture 
zones and ridges. 
In total, the PARASOUND system operated for about 700 hours and approx. 15  
Gbyte of data were recorded, processed and stored On storage devices. More 
than 4000 nm of profiles were mapped with the sediment echosounder. Data 
examples are shown in figures 4.1 - 4.4. 
The echosounding data of cruise ARK1812 is mainly to densify the number of 
profiles that were achieved during previous expeditions. 
The data will provide important preconditions for the three dimensional correla- 
tion of profiles and the sediment cores that are taken on that profiles. Beside an 
general charting of sediment characteristic, the PARASOUND data will give in- 
formation on the classification and Interpretation of sediment types and their 
relation to the shelf slope dynamics of the East Greenland continental shelf. 
Furthermore, the data is used for a pre-evaluation of coring stations for forth- 
coming expeditions to the region of the Yermak Plateau and the East 
Greenland Shelf. 
The sediment echosounding of cruise Ark1812 has been performed for the AWI 
geophysics working group and the AWI marine geology working group (F. Nies- 
Sen, J. Matthiessen). 
Fig. 4.1: Example of PARASOUND profile 20020435 at Position 81.62 O N ,  4.32' E on the 
Yerrnak Plateau. The figure presents 6 km of profile. Water Depth is around 780 rn with a 
maximum penetration into the sediment c10 rn. The sediments are very consolidated which 
might be due to glacial overprint. Srnall channels with depths of around 5 rn to 15 m rnight 
represent iceberg ploughs. 
Fig. 4.2: Example of PARASOUND profile 20020520 at Position 79.63' N, 6O.0' W on the East 
Greenland Shelf. The figure presents 9 km of profile. The shelf area is characterised by acoustic 
dense reflectors and non-transparent layers that are built up by glaciomarine sediments. 
Fig. 4.3: Overall view of PARASOUND profile 20020655 that crosses the East Greenland Shelf 
and Slope from Position 77.8goN, 6.13'W to 77.8goN, 0.24'E. Water depth is from 380 m to 
3200 m. Total length of the profile is 150 km. The slope is characterised by low Sediment 
coverage and acoustic dense reflectors. The outermost right part is highlighted in figure 4.4 
Fig. 4.4: Example of PARASOUND profile 20020655 from position 77.58'N, 6.25'W to 77.2S0N, 
6.1g0E. Water depth are 3100 m. The figure presents 10-km profile. Foot of the slope of the 
East Greenland Shelf. Penetration is around 50 to 60 m; thick layered sediments are Seen, 
subdivided by basernent outcrops mostly of volcanic origin. 
5 Biological sea-ice and under-ice studies 
J. He, K. Karell, A. Scheltz, H. SchÃ¼nemann I. Werner 
5.1 General ice conditions during the cruise 
Ice observations were done in cooperation with colleagues from the Marine 
Zoology, University of Bremen, from the ship's bridge every 2 hours during 
transit through ice-covered waters (31.8. - 29.9.2002). The northern ice edge 
was very far north in Fram Strait during this cruise (between about 80 and 
81.30' O N ,  Fig. 5.1), so that all ship-based ice stations were situated north of 81 
O N ,  either west or east of the visible ice tongue which consisted mainly of Open 
pack ice. Ice Cover varied between 0 and 1011 0, but was less than 6/10 most of 
the time (Fig. 5.2). Floe sizes were usually small (< 100 m), only on the 
2.9.2002 considerably larger floes (> 1000 m) were encountered. Ice thickness 
estimated from the ship varied between 1 and 3 m, but was mostly about 1.5 - 
2.0 m. New ice (grease ice, nilas or pancake ice) was observed now and then 
from the beginning of September, with maximum coverage of 9/10 pancake ice 
(17.9.). Meltponds were numerous On the floes, but already refrozen. Snow 
cover on the ice was thin (2 - 10 cm). Many ridges were observed, but sea-ice 
sediments were scarce. Quite a lot of icebergs were sighted. 
5.2 Introduction 
Sea ice is a constantly variable environment and an important factor in struc- 
turing adjacent polar marine ecosystems. The brine-channel system in the inte- 
rior of the ice as well as the ice-water interface and the under-ice water layer 
are special habitats for a diverse and well-adapted sympagic (=ice-associated) 
community comprising viruses, bacteria, protists (unicellular algae, auto- and 
heterotrophic flagellates, ciliates) and metazoans (meio- and macrofauna). 
During this expedition we studied physical, chemical and biological properties 
on 5 ship-based ice stations (Table 5.1) on Arctic pack ice floes to characterise 
the environmental conditions in the transition period between late summer and 
autumn. Special emphasis of our studies included the relationship between 
physical/chemical factors and the distribution of organisms as well as exchange 
processes between the ice and the under-ice water layer. Besides our field 
sampling, we collected live material from the ice and the under-ice water in or- 
der to conduct experiments on the food-web structure and energy budgets in 
and below the ice, which are only poorly understood as yet. 
Tab. 5.1: Ice stations during ARK XVIIIl2. Station nurnbers = days of the year (2.9. -12.9.02) 
1 Station No. 1 244 1 245 1 251 
l I 252 I 254 I 
Ship station PS 62.1 
Floe size [m] 
Ice thickness [m] 
Ice cover [I11 01 
- - ~ - 1 Snow temperature 1 -1 .O 1 -3.1 1 -7.9 1 -0.5 1 -1.3 1 
Air Temperature ['C] 1 -1.2 1 -3.2 1 -7.2 1 -0.5 1 -2.8 
1 [Â¡C 
broken into small (< 100 rn) pieces after 3 h 
300-1 
1 0 0 0  
1.5-2.2 
7-1 0 
Snow cover lcml 
The following parameters were measured or sampled in vertical gradients of 
entire ice cores: 
3.5 1 2.7 1 1.0 1 10.0 1 6.6 
- ice temperature 
- ice bulk salinity 
- brine volume 
- inorganic nutrients (phosphate, silicate, ammonia) 
- dissolved organic carbon (DOC) 
- algal biomass (chlorophyll a, pheopigments) 

















A total of 82 ice cores were drilled during the 5 ship-based ice stations and 
during 8 additional helicopter-based ice stations, at which only live material for 
experiments was collected. 
In the under-ice water layer (0-5 m depth) we measured or sampled the follow- 
ing parameters in vertical gradients: 
- water temperature 
- water salinty 
- anorganic nutrients (phosphate, silicate, ammonia) 
- algal biomass (chlorophyll a, pheopigments) 
- seston and organic matter (particulate organic carbon and particulate organic 
nitrogen) 
- organisms abundance (meiofauna, micro- and mesozooplankton, all > 50 
Additionally, an under-ice video system was deployed in order to describe the 
morphology of the ice underside and to determine abundance of under-ice am- 
phipods. 
Samples from 3 meltponds On different ice floes were taken for determination of 
organisms abundance. At 3 additional stations newly formed pancake ice (3 - 
10 cm thick) was sampled from the ship, which will be analysed for the Same 
Parameters mentioned above for the ice cores. 
5.3 Vertical distribution of physical, chemical and biological properties in 
Arctic pack ice 
All ice cores were taken with a Kovacs ice corer (9-cm inner diameter). Ice tem- 
peratures were measured every 5 to 15 cm with a digital thermometer inside the 
first core immediately after drilling. The Same core was then cut into 1 to 20 cm 
Segments and, after melting in a dark room at 4 Â¡C analysed for salinity, 
chlorophyll a and phaeopigment concentrations. A second core was drilled, cut 
and melted in the Same way for inorganic nutrients. Subsamples from the 
nutrient core (30-ml) were filtered through 0.2 pm filters and frozen for further 
DOC analyses. 
All temperature measurements showed similar profiles with highest tempera- 
tures near 0 'C at the upper part of the cores and lowest values down to ap- 
proximately -2.0 ' C  at the lower surface (Fig. 5.3), These temperature profiles 
are typical for the summer situation within the Arctic sea ice. Inorganic nutrients 
showed erratic profiles in the ice, with concentrations being generally higher 
than in the water column below (PO4: 0.8 - 14.1 pmol I"', SO4: 0.9 - 12.3 pmol 1- 
, NH4: < 0.1 - 18.3 pmol I"). Highest algal biomass was always measured in 
the bottom parts of the ice floes with maximum values of 67 pg 1"' (St. 244, Fig. 
5.4) indicating bottom communities of ice algae. However, chlorophyll a values 
were relatively low compared to data from previous Arctic cruises in summer. 
For investigations On species diversity, abundance and biomass of sea ice 
biota, 3-5 cores were drilled at the Same site and cut into 1 to 20 cm segments. 
These segments were melted in an excess of 0.2 pm-filtered seawater to avoid 
osmotic Stress to the organisms. After complete melting, samples to examine 
protists under an inverted microscopy (200 ml) were fixed with 5% acid Lugol's 
solution. Materials for heterotrophic and autotrophic species were taken from 
the Same core than for these organisms. Samples were fixed with 25% 
gluteraldehyde and stained with proflavine. Fixed and stained samples (25 ml) 
were filtered through Whatmana Nucleopore 0.2 pm porosity filters. Filters will 
be examined with epifluorescense microscopy for heterotrophy/autotrophy ratio. 
In order to determine abundance and vertical distribution of viruses within the 
pack ice and their relationship with bacteria and nanoflagellates, about 80 sub- 
samples (30 ml) from one organism core were collected and filtered on 0.2 [im 
black Nucleopore filters after staining with DAPI, and deep-frozen for further 
bacteria and nanoflagellate abundance and biomass analyses. 83 subsamples 
(1 ml) were collected from the nutrient core and filtered on 0.02 um Anodisc 
Waterman filters, stained with SYBR Green I, and deep-frozen for further analy- 
sis of viral abundance. Melted samples for meiofauna investigations were con- 
centrated over a 20 um sieve and fixed with Bouin's solution (4% final concen- 
tration). In order to know the pico-biota (<2 um) within the ice and the water 
column, 200 samples (50 melted ice samples from the 5 ice stations and 150 
surface water samples in the pack-ice Zone and open-water area, 4-10 ml each) 
were collected, fixed with gluteraldehyde (final concentration of 0.1%) and fro- 
Zen for further pico-biota analysis with a flow cytometer. All these samples will 
be analysed in the home laboratories. 
5.4 Small-scale structures and distribution Patterns in the under-ice water 
layer 
The under-ice habitat was studied and under-ice fauna was sampled at all 5 ice 
stations. The morphology of the ice underside was recorded by a video camera 
lowered down through a core hole in the ice. All floes recorded had a strongly 
structured underside, with bulges and depressions, cracks and holes visible. 
This undulating surface is typical for a late summer situation and due to intense 
melting at the ice underside. Recordings of the ice undersides will also deliver 
abundance estimations of under-ice amphipods. Individuals of the species 
Apherusa glacialis and Gammarus wilkitzkii were Seen On the tapes from 
several stations, but overall numbers appear to be low. Temperature and salin- 
ity profiles were taken in-situ throughout the under-ice water layer (0-5 m 
depth). Temperature at the ice-water interface was mostly close to the freezing 
point (-1.6 - -1.8 'C ,  S = 30.5 - 32.5), a stratification due to meltwater below the 
ice was not observed at any station (Figs. 5.5 a, b). Water samples for the 
analysis of inorganic nutrients (phosphate, silicate, ammonia), algal pigments 
(chlorophyll a and pheopigments) and particulate organic matter (POC, PON) 
were collected from 6 depths (0, 1, 2, 3, 4, 5 m below the ice) by means of a 
flexible tube lowered down through a core hole. Nutrients in the under-ice 
water, in particular silicate, were already depleted (PO4: 0.4 - 1.1 pmol I"', 8io4: 
< 0.1 - 3.4 w o l  I", NH.: 1.4 - 4.3 p o l  I"). Algal biomass was comparatively 
low (0.09 - 1.42, mean: 0.32 \ig I''). Again with these parameters, no  
stratification in the 5 m under-ice water layer was visible (Figs. 5.5 a, b). A 
pumping System equipped with a water meter and a 50 pm mesh net delivered 
samples of the under-ice fauna from the same 6 depths mentioned before. 
These samples were fixed in Borax buffered formaline (4%) and will be 
analysed for species diversity, abundance, biomass and life-stage composition 
in the home laboratory. During previous Arctic cruises in summer, a pronounced 
stratification of abiotic variables and under-ice fauna has been observed, which 
will probably not occur during this autumn sampling. A microscopic inspection of 
a qualitative sample taken at station 245 indicated that only few large 
mesozooplankton species (e.g. Calanus spp., Themisto libellula) were present 
in low numbers in the under-ice water layer. The sub-ice community sampled 
during this cruise will clearly be dominated by small copepods from either the 
water column (e.g. Pseudocalanus spp., Oithona similis) or from the sea ice 
e .g .  Halectinsoma sp., Cyclopina schneiderii). Altogether, the under-ice 
ecosystem appeared to be already in the state of biological autumn or even 
early winter. 
5.5 Experimental work On the food-web structure and energy budgets of ice 
and under-ice fauna 
A serial dilution experiment was carried out in order to determine the growth 
rates of bacteria and algae and grazing rates of meiofauna (<200 pm) on them. 
Live material for this experiment was retrieved from 2-5 bottom pieces of ice 
cores (2 cm) from 9 ice stations (including helicopter stations) and melted in 0.2 
pm filtered seawater at 4OC to avoid osmotic Stress. Melted ice samples were 
filtered through a 200-pm mesh to remove larger predators. Triplicate 30 ml 
samples were taken at the beginning of each experiment for initial counting. 
The incubation series consisted of 100, 50, 20 and 10 % melted water prepared 
in 250-ml polycarbonate bottles in triplicate. Samples were cultured 4 days in an 
incubator with simulated in situ situations (-1.5 - -2.0Â°C 17h light + 7h dark). 
After incubation 20-1 00 ml subsamples of each bottle were taken and fixed with 
formaldehyde (1- % final concentration) and filtered on black 0.2 pm 
Nucleopore filters after DAPI staining. A total of 135 subsamples were collected 
and frozen for further analyses of community structure. 
In order to improve the general knowledge of sympagic organisms and the food 
web existing within the ice, feeding experiments with rotifers were conducted, 
These organisms represent one of the main metazoan taxa within the sympagic 
community. At all ship stations and additionally at 8 helicopter stations bottom 
segments of two to three ice cores were taken and melted under the same con- 
ditions as described for the cores used for investigations on sea ice biota. After 
melting the meiofauna was concentrated over a 20 pm sieve and rotifers were 
sorted alive under a dissection microscope. In order to get Information about the 
ingestion rates of sympagic rotifers, fluorescently labelled bacteria (FLB) and 
bacterium-size particles (Fluoresbrites) were added to the sorted rotifers, and 
the short-term uptake of both kinds of particles was measured as time-course 
experiments. Subsamples were taken after 30, 60, 90, 120, 240, 480 and 960 
minutes and fixed with Bouin's solution (1 % final concentration). The increase of 
particles ingested by the rotifers was determined by counting their gut contents 
under an epifluorescence microscope. This experimental work will also be con- 
tinued in the home laboratories. In order to estimate the bacterial concentration 
in the beginning of the experiments additional subsamples were taken and 
stained with DAPI. All subsamples were filtered on polycarbonate filters and 
frozen at -30 'C. 
Live material for experimental work with under-ice amphipods was retrieved 
from either the under-ice pump or the multinet- and RMT-haules carried out by 
our colleagues from the Marine Zoology (University of Bremen). Specimens of 
the species Apherusa glacialis, Onisimus glacialis, 0. nanseni and Gammarus 
wilkitzkii were reared in cooling containers at ambient temperature (0 'C Â 1 Â¡C 
and salinity (30-34). After an acclimation period of some days, these amphipods 
were incubated in closed-bottle approaches to measure respiration and excre- 
tion rates, important variables to calculate an overall energy budget of the or- 
ganisms. Test animals of different size classes were deep frozen (-80 Â¡C after 
the measurements for later determination of dry weight and analysis of lipds. 
These experimental studies were carried out in CO-operation with H. Auel (Uni- 
versity of Bremen) in order to compare the results for the under-ice amphipods 
with those from the pelagic amphipod species Themisto libellula. 
Fig. 5.1: Satellite image of northern Fram Strait (16.09.2002) showing distribution of sea ice and 
location of the northern ice edge. 
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Fig. 5.2: Freuency distribution of observed ice coverage [1/10] during transit trough ice- 
covered waters during ARK-XVIII/2 
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Fig. 5.3: Vertical profile of sea-ice temperature at station 254 
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Fig. 5.4: Vertical profile of algal biornass [chlorophyll a] in the sea-ice and underlying water column 
(integrated value for 0 - 10 rn) at station 244. Note logarithmic scale of X-axis. 
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Fig. 5.5 (a+b): Vertical profiles of ternperature, salinit and algal biomass (chlophyll a) in the 
under-ice water layer (0 - 5 rn depth) at an ice station in Western (stn. 244, a) and at an ice 
station in eastern (stn. 254, B, b) Fram Strait. 
6 Studies on the Pelagic Ecosystem and Higher Trophic Levels in the 
Marginal Ice Zone of Fram Strait 
H. Auel, T. Kreibich 
6.1 Zooplankton studies 
The vertical and horizontal distribution of mesozooplankton in the marginal ice 
Zone of Fram Strait was studied by multiple openinglclosing net hauls (Multinet, 
mouth opening: 0.25 m2, mesh size: 300 um) along two transects from the Open 
water, across the ice edge, into areas completely covered by sea ice. The 
upper 100 m of the water column were sampled in high resolution with standard 
depth intervals of 100-75-50-25-1 0-0 m. 
The first transect started at 81Â°12' 7O29'W on the western side of Fram Strait 
an extended via eight stations to 82ON 5O32'W. Due to the strong influence of 
the polar East Greenland Current, species of polar origin dominated in this 
region. Calanus hyperboreus, a large herbivorous copepod, accounted for most 
of the zooplankton biomass in the surface layer. The relativeiy high abundance 
of the congener C. glacialis, which usually inhabits Arctic shelf seas, may 
indicate that water masses from the East Greenland Shelf run off the shelf and 
extent far offshore in this region. 
A second Multinet transect was sampled on the eastern side of Fram Strait from 
81Â°03 N 3'53'E to 8I040'N 2O03'E including six stations. In contrast to the 
western side, small calanoid copepods such as Pseudocalanus spp. and the 
appendicularian Oikopleura dioica dominated in this region. Relatively high 
densities of Calanus finmarchicus emphasise the strong Atlantic influence of the 
West Spitsbergen Current in eastern Fram Strait. All Multinet samples wer@ 
preserved in a formaldehyde/seawater solution and will be analysed in detail 
with regard to abundance, biomass and species composition at the home 
laboratory in order to assess the influence of the sea-ice Cover on the pelagic 
community. 
In addition, Multinet samples (100 to 0 m) were collected at or very close to 
each ice station in order to gather information on the vertical distribution and 
stratification of mesozooplankton beneath the ice. These data can be used for 
comparison to plankton samples collected directly at the icelwater interface and 
very close (0 to 5m) beneath the underside of the ice sampled by an under-ice 
pumping System through drilled holes in the ice floes. 
Macrozooplankton, especially the pelagic amphipod Themisto libellula and 
different species of krill (Euphausiacea) were sampled at eight stations by deep 
(maximum wire length 250 or 180 q) andlor shallow (30 m) hauls with an 
Rectangular Midwater Trawl with eight Square meter mouth opening and 4.5 
mm mesh size (RMT 8, See Table 6.1). Individuals of T. libellula and the 
carnivorous copepod Pareuchaeta glacialis from these hauls were used for 
respiration measurements, whereas krill was used for long-term feeding 
experiments with different taxa of algae as food. Experiments were carried out 
in cooling containers on board at an in situ temperature of OÂ±lÂ° For the 
respiration measurements, individuals were kept in closed bottles filled with 
filtered and oxygenated seawater (0.2 pm Pore size) for up to 72 hours. After 
the termination of the experiments, the oxygen concentration in the bottles was 
measured by Winkler titration and compared to animal-free controls. 
Respiration rates will be used to estimate the metabolic activity and energetic 
requirements of the different macrozooplankton species. 
Tab.6.1: Data of the eight Rectangular Midwater Trawl (RMT 8) stations 
6.2 Feeding experiments with Arctic krill 
During the expedition two euphausiid species were caught: the Arctic species 
Thysanoessa inermis occurred at the northern most stations, whereas T. 
longicaudata was most abundant in regions strongly influenced by Atlantic 
water masses. Krill specimens were divided into different groups and kept in 
separate aquarium tanks for the feeding experiments. One group was fed with 
the coccolithophorid Emiliania huxleyi, the other was offered the diatom 
Chaetoceros sp. Different algae taxa are characterised by typical fatty acid 
biomarkers. The objective of the study was to investigate whether the body 
lipids of grazing krill also reflect these differences in the fatty acid composition 
of the prey species. During feeding, krill accumulates algae-specific fatty acids 
and incorporates them in its body tissues. Samples of freshly caught krill and 
from the feeding experiments were deep-frozen (minus 80Â°C on board. The 
fatty acid composition will be analyzed in the home laboratory. The samples will 
be also used for lipid class analysis, histological and genetical studies, in order 
to gain a better understanding of the life cycle and overwintering strategies of 


























6.3 Seabird and seal surveys 
The abundance and distribution of seabirds and seals in the marginal ice Zone 
of Fram Strait were studied by standardised strip-transect surveys of usually 15 
min duration from the bridge of RIV "Polarstern". Depending on weather 
conditions and visibility, all birds within a strip width of 50 or 100 m on both 
sides of the cruise track were counted. A total of more than 100 strip-transects 
were sampled during the expedition including regions with different sea-ice 
coverage between 011 0 and 1011 0. On two occasions, when the vessel travelled 
across the ice edge, seabird sightings were recorded continuously for several 
hours. 
The most abundant bird species in the marginal ice Zone was the little auk (Alle 
alle). A preliminary evaluation of the data set suggests that this species 
concentrates close to the ice edge and in frontal areas, where warmer Atlantic 
waters meet cold polar water masses. Occasionally other alcids, including black 
guillemots (Cepphus grylle), BrÃ¼nnich' guillemots (Uria lomvia) and Atlantic 
puffins (Fratercula arctica), were observed. In areas of Open water large 
numbers of northern fulmars (Fulmarus glacialis) followed the vessel, often 
associated with kittiwakes (Larus tridactyla) and glaucous gulls (Larus 
hyperboreus). Further north in ice-covered regions ivory gulls (Pagophila 
eburnea) were numerous and sometimes Ross's gulls (ÃŸhodostethi rosea) 
were sighted, Among the birds that were spotted occasionally, pomarine skuas 
(Stercorarius pomarinus) and gyr falcons were Seen chasing other birds. 
Seals were spotted regularly during the seabird survey. In order to cover a 
larger survey area, several dedicated airborne seal surveys were conducted by 
helicopter and additional helicopter flights for Helimag measurements or ice 
observation were used as platform-of-opportunity for seal countings. The most 
abundant seal species in the marginal ice Zone was the harp seal (Phoca 
groenlandica). On the western side of Fram Strait hooded seals (Cystophora 
cristata) were also abundant. Other species observed during the cruise included 
ringed seals (Phoca hispida), which seemed to be dependent On areas with 
dense ice-cover, and walruses. 
The data collected during the research cruise ARK XVIIIl2 will contribute to a 
better understanding of the marine ecosystem in Fram Strait and further our 
knowledge about the impact of the sea-ice cover On the structure of the pelagic 
food web and trophic pathways in the Arctic marginal ice Zone. 













Polar Research Institute 
of China 
451 Jingian Road 
Shanghai 2001 29 
China 
University of Helsinki 
Viikinkaari 1, P.O. Box 65 
0 0 0 1  4 Helsinki 
Finland 
Stiftung Alfred-Wegener-Institut 13 








Jenfelder Allee 70A 
D-22043 Hamburg 
Institut fÃ¼ PolarÃ¶kologi 3 
Wischhofstr. 1-3 Geb. 12 
D-241 48 Kiel 
Fielax GmbH 5 
Schifferstr. 10-1 4 
9-27568 Bremerhaven 
Helikopter Service Wasserthal 4 
Flughafen Hamburg Geb. 347 
D-22335 Hamburg 












































































































































Tu, Jian Min 
Wu, Chi Lung 









































l ~ ta t i on  1 Date ~ i m e  [~ositionLat IPositionLon IDeplh [m] ]~indstrengtjCourse ["I ISpeed [kn] IGear 


































Seismic reflection profde 
Seismic reflection profile 
Seismic reflection profile 
Seismic reileclion profile 
Seismic reflection profile 
Seismic reflection profile 
Seismic refiection prolile 
Selsmic reflection prolile 
Seismic reflection protile 

































WSW 9 222.8 
SW 16 353.1 
SW 14 183.9 
SW 13 269.1 
SW 14 266.3 
S W 1 3  22.0 
S W 1 2  65,9 
SW 12 127,9 
SW 13 112.0 
WSW 16 100.3 
SW 8 201.9 
WSW 14 241.0 
SSE 1 34,6 
SSE 1 299.6 
ESE 1 300.9 
â‚¬ 2 313.2 
ENE 2 304.5 
NE 1 307.0 
NNE 1 287.3 
SSE 4 305.8 
S 5 342.3 
SSW 7 330.4 
SSW 8 322.0 
SW 8 207.9 
SW 7 202,6 
SW 7 204.2 
SSW 8 197.3 
SSW 7 195,9 
SSW 10 181,l 
SSW 9 23,3 
S S W 8  11.0 
SSW 10 41,7 
SW 9 5.4 
SW 8 214.6 
S 1 0  150.1 
S I 0  118.2 
S 9  115.8 
S 9  71.9 








Ion deck I 
suriace I 
Iat sea bottom 1264 m Draht ausgesteckt 










2 Magnetikdrehkre~se 1 mehkreisl 
airguns in the water 
Streamer into water 
airguns in the water 
prolile Start 
12' 45.01' E 
12'45.03'E 
12" 45,15' E 
12" 44.3O'E 
lP44 .53 'E  
lT44 .76 'E  
12" 44,85'E 
alter course 
end of protile 
streamer on deck 
array on deck 
suriace 
action 
End 01 Trawl 
On deck 
suriace 
Error - Restart 
surface 
at depth I100 rn 
Hotsting 
On deck 
























Seismic reflection Profile 
Rectangular midwater trawt 
Rectangular midwater trawl 
Rectangular midwater trawl 






















at depth 1100 m 
Hoisting 
On deck 















[Multiple nel [MN 
Multiple nel MN 
Multiple nel MN 
Mult~ple nel MN 
Multiple net MN 
Multiple net MN 
Multiple net MN 
Multiple nel MN 
surface 






















Ice Gangway on the ice 
Scientists on the tce 
Scient~sts on board 
Ice Gangway on board 
Departure from fioe 
Start track 
SSW 12 








Ice Station alongside Floe 
Ice Station alongside Floe 
Ice Station alongside Ftoe 
Ice Station alongside Floe 
Ice Station alongside Floe 






















H S P S  
H S P S  
H S P S  
H S P S  























































W 5  
W 5  
alter Course Drehen nach Eislage auf sw-liche 1 IKurse 





~rof i le 
profite end 
Alonaside Floe ' 1  Ice Station alongside Floe 
Ice Station alongside Floe 
Ice Station alongside Fioe 
Ice Station alongside Floe 
I c e  Ganawav on the ice 1 
Scientists on l~bbruch  der Station 
board der Scholle 
Ice Gangway on board 
Departure from fioe 
surface 
at depth 1100 m 
On deck 
Slreamer into water 
airguns in the water 
profile Start 
alter course 158Â 
alter Course auf Suedkurs 
aller Course 090" 
alter course neuer Kurs 360" 
Sono-buoy 
end of profile 
streamer on deck 1 
wegen 
Ice Station alongside Fioe 




Seismic reflection profile 
Seismic reflection profile 
Seismic reflection profile 
Seismic refiection proflie 
Seismic reflection Profite 
Seismic retisction profile 
Seismic reflection profile 
Seismic reflection profile 
Seismic reflection profile 
Seismic reflection profiie 
Action Comment 
- 
Seismc reflection profile 
Seismrc reflection profile 
Sessmic rellection proflte 





























































SEISREFL  array on deck Streamer into water airguns in the water profile Start 11. SchuÃ alter course 1 array on deck Reparatur Blase & kanone airguns in the 1 Fortsetzung Profi! 
lauf ENE.l!che Kurse 
Drehen weqen Eistage 2,3 sm voi 
" 30 50 W 









Selsmic reflection profile 
Seismic reflection prof8Ie 
Seismic reflection profiie 
Seismic reflection proflte 
Seismic reflection profile 
Setsmic reflection proflle 
Seismic reflection profile 











alter course 1111' 
alter course 074" 
I 
alter course Schweinohr 1km 
alter course auf Kurs 330" 
end of profile 
streamer on deck 
array on deck 
1 Magnetik Drehkreis 
End Start 1 1 Magnetik-Drehkreis 
surface 
at depth I100 m 
I 

























































Seismic reflection Profile 
Seismic reflection profile 
Seismic reflection profile 


























at depth 1100 m 













Scientists on the Per Helicopter 
Scientists on per Helikopter 
board 
Ice Gangway on the ice 
Scientists on the ice 
Scientists on board 
Ice Gangway on board 
sutiace 
at depth 1112m Draht ausgesteckt 
Hoisting 
on deck I 
l c e  Station alongside Floe 
OaO,OO' N 0Â¡0,00 E 0,O N 0 0.0 0,O Ice Station alongside Floe 
81Â°44,20 N 1'48.10' E 2102.0 ESE 5 76.0 0,2 tee Station alongside Floe 
81Â°44,67' lS48.19'E 2125.6 lce Station alongside Floe 





















































Ice Station alongside Floe ICEST Ice Gangway on the ice 
Ice Station alongside Floe ICEST Scientists on the ice 1 




Ice Station alongside Floe 
Ice Station alongside Floe 
ice Station alongside Floe 
Ice Station alongside Floe 
Ice Station alongside Floe 
Ice Station alongside Floe 
Ice Station alongside Floe 
Ice Station alongside Floe 
Seismic reflection profile 
Seismic reflection proflle 
Seismic reflection profile 
Seismic reflection prof~le 
Seismic reflection profile 
Seismic reflection profile 
Seismic reflection profile 
Date 
Seismic reflection prof~le 
h [m/s] 
Seismic reflection profile 
Seismic reflection profile 
Seismic reflection profile 
Seismic reflection profile 
Seismic reflection profile 
Seismic reflection profile 
Seismic reflection profile 
Seismic reflection profile 
Ice Station alongside Floe 
Ice Station alonoside Floe 
T 
Abbreviation 
Ice Staton a oncsoe F Oe 
Ice Sial on a ongsae F oe 
Ice Station alongside Floe 
Ice Station alongside Floe 
Ice Station alongside Floe 




Seismic reflection profile 
Seismic reflection profile 




Seismic reflection ~rof i le 





















































at on depth deck 11 04 m I 
Windstrengt 
182Â 3.37'N 
Scientists on the ice 
Scientists on board 
Scientists on the ice 
Scientists on board 
Scientists on the ice 
Scientists on board 
Ice Gangway on board 
Deparlure from floe 
Streamer into water 
airguns in the water 











frÃ¼hzeitig Kursanderung wegen 
Eisgrenze 
auf 360" warten auf weitere Anweisung 
vom Fahrtleiter 





alter course Nordkurs 
alter course 1072- 
end of profile 
array on deck 
Alongside Floe 
Ice Gangway on Ihe ice 
Scientists on the ice 
Scientists on 
board lpause 
Scientists on the ice 
Scientists on board 
Ice Gangway on board 
Departure from floe 
surface 
at depth I106 m 
On deck 
airguns in the waler 
Streamer in10 water 
airguns wate, in the 11. Schuss 





end of profile 
entlang Eiskante 
Gear Action Comment 




W 6  
W 6  













































Station Date Time PositionLat PositionLon IDepth lm] Windstrengt 
h [m/sl 
seismic reflection Profile ISEISREFL 
Speed [kn] Course [Â¡ 







Seisrnbc refteclion Profile 
Seismic reflection profile 
Seismic reflect~n profils 
Seismic reflection profile 
Seismic reflection Profite 
Selsmic reftection profile 
Seismic reflection profile 
Seismic reflection profile 
Seismic reftection Profile 
Seismic reflection protile 
Seismic reflection Prof110 
Seisrnic reflection profile 
Seismlc reflection proffle 
Seismic reflection Profile 
Seismic reflection profile 
Seismc reflection profile 
Selsmrc rellection Profile 
Seismic reflection Profile 
Seismic reflection profile 
Seismic reflection profile 
Seismic reflection profile 
Seisrnic reflection profile 
Seismic reflection Profile 
Seismic reflection Profile 
Rectangular midwater trawl 
Rectangular midwater trawl 
Rectangular midwater trawl 
Rectangular midwater trawl 
Rectangular midwater trawl 
Rectangular midwaler trawl 
Rectangutar midwater trawl 
Rectangular midwater trawl 
Seismtc reflection Profile 
Seismic reflection profile 
Seismic rellection profile 
Seismic reflection Profile 
Seism~c reflection Profile 
Seism~c reflection profile 
Seismc reflection profile 
Seismic reflection profile 
Seismic reflection proflle 
Seismic reflection Profile 
Seismic reflection proflle 
Seismic reflection profile 
Seismic reflection protile 
Seisnw teflection proflle 
array on deck 
suriace 
at sea boltom I917 rn 
0" deck 
surface 
at sea bottorn I904 m 
surface 
Streamer into water 
airguns in the water 
profile starl 11, SchuÃ 
Sono-buoy 
end of profile 
strearner on deck 
array on deck 
Streamer in10 water 
airguns in the water 




alter Course 6stliche Kurse nach Eistage 
alter course drehen auf SÅ¸dkur 
alter course Westkurs entsprechend Eistage 
Sono-buoy 





end of profite 
streamer on deck 
array on deck 
suriaca 
action 126 rn Draht ausgesteckt 
End of Trawl 
On deck 
suriace 
action 180m ausgesteckt 
End of Trawl 
On deck 
Slrearner inio water 
airguns in the waler 




alter course /Profil unterbrochen 
alter Course I 
ilter Course Profil fortgesetzt 
alter course 1270" 
Sono-buoy 











































































































alter c o m e  1 lend of prof$le l ~ ~ t ~ t ~ ~  schuss: Drehen ln Wind fix 
Einholen Array 
Station 
[streamer on deck I 
PS62i321-1 I20.09.02 i10-23 178Â°50.81' 10" 5.26' E 12611 0 IWSW 6 11722 14.3 I~a ismi f  feflef-tion nrnfile ISEISREFL ialtercni.i-^e lauf Siidki.rs 
PositionLat 
array on deck lsta* 
Date PositionLon Time 










Rectangular midwater trawl 
Rectangular rnidwater trawl 
Rectangular midwater trawl 
Rectangular midwater trawl 
Rectangular midwater trawl 





























End 01 Trawl 
a u f  Tiefe 250m qefie* und mit 0.2 mls I 
Windstrengt 
h [mlsl 
ZODIAK mn Walhydrofon zu Wasser 
~Schlauchbo~t an Deck 
I 
Speed [kn] Course [Â¡ 
Rectangular midwater trawl 
UBA whale watching 
UBA whale watching 
Rectangular midwater trawl 
Rectangular rnidwaler trawl 
Rectangular midwater trawl 
Rectangular midwater trawl 
Rectanguiar midwater trawl 
Rectangular midwater trawl 
Rectangular midwater trawl 
Rectangular midwater trawl 
Seismic reflection profile 















Streamer into water nur Probe im 1 freien Wasser Inur Test - Korb im offenen Wasser 
airguns in the water 





Seismic reflection profile 
Seismic reflection profile 
Seismic reflection profile 
Seismic reflection profile 
Seismic reflection prolile 








alter Course 1090' 
I 
alter course 1 
array on deck Reparatur von 2 Kannonen. 
Warteschleifen 







alter Remark course 












seismic reflection profile 
Comment 
Sewnic retiection profile 
Se$smic reflection profile 
Seismxc reflection proftle 
Seismic reflection profile 
Seismic reflection proflie 
Seismic reflection profile 
Seismic reflection profile 

















W 2  


























Seismic refieclion prollie 
Setsmic reflectron profile 
Seismic reflection profile 
Selsmlc reflection profile 
Seismic reflection profile 
Seismgc reflection orofile 
SeismÃ§ reflection rodle 
Selsmic reflection proflle 
Sefsmic refieclion prof~le 
Seismic reflection profiie 
Seismic refiection profile 






Seism~c reflection profile 
Seismrc reflection profile 
Seismic refieclion proflle 
Seismic reflection profile 
Seismic refieclion profile 








~u l t i p le  net 
Multiple nel MN 
Rectangular mdwatet lrawl RMT 
Rectangular midwater trawi RMT 
Reclangular midwater trawi RMT 















































back on track 
drehen Ã¼be Stb auf 095' wegen 
Hellmag-Landung 








Verholen Pfannkucheneis 500 m voraus zu kleinerem 
pfannekucheneis 
alter course 1 l 
alter course 090" 
end of profile last shot 
Remark Pulsergestell kommt zerslort aus dem 
Wasser: Rahmen gebrochen 











End of Trawl 






1 Magnetik Drehkreis, 2nm 
Durchmesser. v=7kn 
1 Magnetik-Drehkreis; 2nm 
Durchmesser. v=5 kn 
I 





l l l 
250 m Draht gef en Beg nn neben 



































77' 50,OV N 
77- 2,W N 
77' 2.7Z N 
77" 49,6C N 
Ps6z336.1 09.10 02 18.45 77" 50.08' N 5' 24,70' E 2257,O SSW 9 166,4 9,s HydroSweep/ParaSound HS-PS 
I 






















6" 20.8s E 
6O23,36' E 
6' 10,38' E 



















77" 26,95' N 
77" 49.82' N 
77'49,8T N 
7 7  49,59 N 








continue lhe prol~le 
5*38,51t E 




























































f"r Magnet~k D(ehkre~s PS62/338-1 
und D!cht~gkett.Test der 
Rudermasch~ne 
1 Drehkres Ã¼be Bb, Radius lnrn 
1 
End 
profzle end Fo8tsetzung von HS brs zur 2OOnrn- 
Zone 
,,Berichte zur Polariorschung" 
Eine TitelÃ¼bersich der Hefte 1 bis 376 (1981 - 2000) erschien zuletzt im Heit 413 der nachfolgenden Reihe 
,,Berichte zur Polar- und Meeresforschung". Ein Verzeichnis aller Hefie beider Reihen sowie eine 
Zusammenstellung der Abstracts in englischer Sprache finden Sie im lnternet unter der Adresse: 
http:llww.awi-bremerhaven.de/Resources/publications.htmi 
Ab dem Heit-Nr. 377 erscheint die Reihe unter dem Namen: 
,,Berichte zur Polar- und Meere~forschung'~ 
Heft-Nr. 37712000 - ,,Rekrutierungsmuster ausgewÃ¤hlte Wattfauna nach unterschiediich strengen Wintern" 
von Matthias Strasser 
Heft-Nr. 378/2001 -"Der Transport von WÃ¤rme Wasser und Salz in den Arktischen Ozeanc', von Boris Cisewski 
Heft-Nr. 37912001 - -Analvse hvdrooraohischer Schnitte mit Sateiiitenaltimetrie". von Martin Losch 
Heft-Nr. 38012001 - i ~ i e  ~xpecktionin ANTARKTIS Xill-2 des ~orschungsschiffes POLARSTERN 199811999", 
herausgegeben von Eberhard Fahrbach und Saad EI Naggar. 
~ e f t - ~ i .  38112001 - ,,UV-Schutz- und i3eparaturmechani&en bei antarktischen Diatomeen und Phaeocystis antatctica'; 
von Lieselotte Riegger, 
Heft-Nr. 38W2001 - ,,Age determination in polar Crustacea using the autofluorescent pigment Iipofuscin", by Bodii Biuhm. 
Heft-Nr. 3832001 - *z&iche und r=um,icne Vertei Lng, Habttatspraferenzen und Popuiationsoynam~k benthische Copepoda 
Har~acl~colda in der Potter Cove (Kino Georoe lsland, Antarktis)", von Griita Veit-Kohier. 
. W  " . . 
Heft-Nr. 38412001 -,,BeitrÃ¤g aus geophysikalischen Messungen in Dronning Maud Land, Antarktis, zur Auffindur~g eines 
optimaien Bohrpunktes fÃ¼ eine Eiskerntiefbohrung", von Danlel Steinhage. 
Heft-Nr. 38512001 - ,,Actinium-227 als Tracer fÃ¼ Advektion und Mischung in der Tiefsee", von Walter Geibert. 
Heft-Nr. 386/2001 - "Messung von optischen Eigenschaften troposph~rischer Aerosoie in der Arktis'' von Rolf Schumacher. 
Heft-Nr. 38712001 - ..Bestimmuno des Ozonabbaus in der arktischen und subarktischen StratosohÃ¤rem von Astrid Schulz, 
Heft-Nr. 388i2001 - ,,Russlan-German Cooperation SYSTEM LAPTEV SEA 2000: The Expedition LENA 2000, 
edited by Voiker Rachold and Mikhall N. Grigoriev. 
~efl-~r.~38912001 - ,,The Expeditions ARKTIS XVllt and ARKTIS XVll2 of the Research Vessei 'Polarstern' in 20OOu, 
edited by Gunther Krause and Ursula Schauer. 
Heft-Nr. 39012001 -,,Laie Quaternary climate variations recorded in North Atlantlc deep-sea ostracodes", by Claudia Didi6, 
Heft-Nr. 39112001 - ,,The polar and subpolar North Atiantic during the last five giacial-intergiacial cycles", by Jan. I? Helmke, 
Heft-Nr. 392IZOOO - ,,Gemhemische Untersuchungen an hydrothermal beeinfluÃŸte Sedimenten der Bransfield StraÃŸ 
(Antarktis)", von Anke DÃ¤hlmann 
Heft-Nr. 393l2001 - ,,The German-Russian Project on Siberian River Run-off (SiRRO): Scientific Cruise Report of the Kara- 
Sea Expedition 'SiRRO 2000 of RV 'Boris Petrov' and first results", edited by Ruediger Stein and Oleg Stepanets. 
Heft-Nr. 39412001 -,,Untersuchung der Photooxidantien Wasserstoffperoxid, Methyihydroperoxid und Formaldehyd in der 
TrooosohÃ¤r der Antarktis". von Katia Riedel. . , 
Heft-Nr. 39512001 -"Rote of benthic cnidarians in the energy transfer prmesses in the Southern Ocean marine ecosystem 
(Antarclica)", by Covadonga Orejas Saco del Valie. 
Heft-Nr. 39612001 - n~ioieochernistry of Dissolved Carbohydrates in the Arctic", by Ralph Engbrodt. 
Heft-Nr. 39712001 - aSeasonality of marine algae and grazers of an Antarctic rocky intertidal, with emphasis On the roie of the 
limpet Naciiia concinna Strebe1 (Gastropoda: Pateilidae)", by Dohong Kim. 
Heft-Nr. 398i2001 - "Poiare StratosphÃ¤renwoike und rnesoskalige Dynamik am Polanvirbelrand", von Marion MÃ¼ller 
Heit-Nr. 39912001 - "Norih Atlantic Deep Waler and Antarctic Boltom Water: Their lnteraction and lntluence On Modes of the 
Global Ocean Circuiation", by Hoiger Brix. 
Heft-Nr. 40012001 - ,,The Expeditions ANTARKTIS XVillll-2 of the Research Vessei 'Poiarstern' in 2000" 
edited by Victor Smetacek, Ulrich Bathmann, Saad Ei Naggar. 
Heft-Nr. 40112001 -*VariabilitÃ¤ von CH20 (Formaldehyd) - untersucht mit Hiife der solaren Absorption?spektroskopie 
und Modellen" von Torsten Albrecht. 
Heft-Nr. 402IZ001 - ,,The Expedition ANTARKTIS XVlll3 (EASiZ iil) of RV 'Polarstern' in 200Ã¼ edited by Wolf E. Arntz 
and Thomas Brey. 
Heft-Nr. 40312001 - ,,MikrohabitatansprÃ¼ch benthischer Foraminiferen in Sedimenten des SÃ¼datlantiks" 
von Stefanie Schumacher. 
Heft-Nr. 4W2002 -"Die Expedition ANTARKTIS XVill2 des Forschungsschiffes 'Polarstern' 2000n, 
herausoeaeben von J6rn Thiede und Hans Oerter. 
" 
Heft-Nr. 405l2002 - "Feeding Ecology of the Arctic lce-Amphipod Gammarus wiikitzkii. Physioiogicai, Morphological and 
Ecological Studies", by Carolin E. Arndt. 
~ e f t - ~ r .  406/2002 - "fladiolarienfauna im Ochotskischen Meer - eine aktuopaiÃ¤ontologisch Charakterisierung der BiozÃ¶nos 
und Taphoz6nose", von Anja Nimmergut. 
Heft-Nr. 40712002 - "The Expedition ANTARKTIS XVilll5b of the Research Vessel 'Polarstern' in 2001, 
edited by Uirich Bathmann. 
Heft-Nr. 408l2002 - nSiedlungsmuster und Wechseibeziehungen von Seepocken (Cirripedia) auf Muschelbinken 
(Myfiius eduiis L.) irn Wattenmee?, von Christian Buschbaum. 
